The ground state properties of even mass Cr and Fe isotopes are studied using the generalized hybrid derivative coupling model. The energy surface of each isotope is plotted as a function of the mass quadrupole moment. The neutron numbers N=20 and N=40 are seen to remain magic numbers but N= 28 and 50 are predicted to be nonmagic. The neutron number N=70 turns out to be a magic number according to the present calculation. In all the isotopes studied the calculated binding energy values are less than those obtained from experiment while the deformation is in better agreement.
Introduction
Recent advances in producing light nuclei close to the drip line using radioactive ion beams has produced a renewed interest in the study of these nuclei. These nuclei, with extreme values of isospin, provide a testing ground of different theoretical models.
Relativistic mean field (RMF) calculations achieved considerable success in the description of various ground state properties of nuclei including the binding energy, deformation and charge radius throughout the periodic table.
1 In a related approach, Zimanyi and Moszkowsky used derivative coupling between the scalar meson and the nucleon. 2 One important problem of their model is that it predicts a high value of the effective nucleon mass and consequently a lower spin orbit splitting. A better description of various properties of nuclear matter at zero and finite temperature as well as finite nuclei can be obtained using the generalized hybrid derivative coupling model 3, 4 where both Yukawa point coupling and derivative coupling between the baryons and the scalar meson were used with a strength ratio α/(1 − α) where α = 0.25. In a previous work 5 we employed the generalized hybrid derivative coupling model to study the ground state of even-even Ne, Mg, Si and S isotopes. The deformation values obtained were close to the experimental measurements in most of the nuclei studied. In contrast, the conventional RMF models using the NL3 or NL-SH sets of parameters often fails to accurately predict the deformation in lighter nuclei. The success of the model in describing the shape of lighter nuclei prompted us to extend our study to Cr and Fe isotopes. The principal aim of this work is to study the deformation in these nuclei.
Calculation and Results
The details of the method of calculation have been presented in elsewhere 4,5 and are not described here. The starting point is a scaled Lagrangian with both scalar and derivative σ − N couplings. Under the usual approximations, eg. classical meson fields, time-reversal symmetry, point-like nucleons, no sea approximation, the surviving components for the the time independent equations, for the meson fields and the nuclear wave function are given in our earlier publications 4 and are not repeated here.
We have employed the BCS formalism in a constant gap approach. The gap parameters are either taken from the odd-even mass difference or calculated using the formula ∆ n(p) = 11.2/ N (Z). In the present work we have assumed axial symmetry and plotted the energy surface as a function of the mass quadruple moment.
The energy surface provides a better understanding of the deformed system. It indicates the possibility of shape co-existence and also, considering the shallowness of the minima, the possibility for nuclear shape to be triaxial. at zero deformation, using the parameter set NL3, the spin-orbit splitting between the neutron 1f 7/2 and the 1f 5/2 levels comes out to be nearly 8 MeV, a value double than that obtained in the present model, i.e. 4 MeV. Consequently, the shell gap is 4 MeV in the present approach, while conventional RMF calculations predict it to be nearly 8 MeV. The energy level spacing is very similar to that of the other N=28 nucleus studied in the present work, viz. 54 Fe, whose single particle energy levels at zero deformation are given later in Figure 3 . The neutron number N=28
can no longer be considered as a magic number. The absence of the shell gap at N=28 signifies that the nucleus 52 Cr lies near neutron midshell and hence show a large deformation. All the other neighbouring Cr and Fe isotopes show this feature. In all the isotopes studied the calculated values for binding energy are less than the experimental ones. This has been observed in our earlier work also. 5 From the figures it is seen that both the Fe and Cr isotopes with neutron magic number N=28
and 50 are not spherical. Thus one feature that stands out is that N=28 and 50
are not magic numbers in our calculation. This is due to the fact that the splitting between the neutron 1f 7/2 and 1f 5/2 levels in the former and between the neutron 1g 9/2 and the 1g 7/2 levels in the latter are small. This is shown in figure 3 for 54 Fe and 76 Fe. Hence although N=40 is magic, N=28 and 50 are not. The N=70 nucleus, 96 Fe is spherical in its ground state. An examination of the single particle energy levels given in figure 3 reveal that the splitting between the neutron 1i 11/2 and 1i 9/2 is small. Thus the intruder orbital 1i 11/2 lies higher up in energy and hence N=70 turns out to be magic.
Summary
To summarize we study ground state properties of Cr and Fe isotopes using the generalized hybrid derivative coupling model. The energy surface for each isotope is plotted as a function of the mass quadrupole moment. The neutron numbers N=20 and N=40 are magic numbers but N=50 turns out to be non-magic. The nucleus 96 Fe is predicted to be spherical in its ground state and N=70 turns out to be a magic number according to our calculation. In all the isotopes studied the calculated binding energy values are less than those obtained from experiment.
However, the deformation is better in comparison to those in other works. 
